New high resolution spectra of the short period (P ∼1.76 days) young detached binary LT CMa are reported for the first time. By combining the results from the analysis of new radial velocity curves and published light curves, we determine values for the masses, radii and temperatures as follows: M 1 = 5.59 (0.20) M ⊙ , R 1 = 3.56 (0.07) R ⊙ and T eff1 = 17000 (500) K for the primary and M 2 = 3.36 (0.14) M ⊙ , R 2 = 2.04 (0.05) R ⊙ and T eff2 = 13140 (800) K for the secondary. Static absorbtion features apart from those coming from the close binary components are detected in the several spectral regions. If these absorbtion features are from a third star, as the light curve solutions support, its radial velocity is measured to be RV 3 =70(8) km s −1 . The orbit of the binary system is proved to be eccentric (e =0.059) and thus the apsidal motion exists. The estimated linear advance in longitude of periastron corresponds to an apsidal motion of U = 69±5 yr for the system. The average internal structure constant log k 2,obs =-2.53 of LT CMa is found smaller than its theoretical value of log k 2,theo =-2.22 suggesting the stars would have more central concentration in mass. The photometric distance of LT CMa (d =535±45 pc) is found to be much smaller than the distance of CMa OB1 association (1150 pc) which rules out membership. A comparison with current stellar evolution models for solar metallicity 1 indicates that LT CMa (35 Myr) is much older than the CMa OB1 association (3 Myr), confirming that LT CMa is not a member of CMa OB1. The kinematical and dynamical analysis indicate LT CMa is orbiting the galaxy in a circular orbit and belongs to the young thin-disk population.
Introduction
Detailed analysis of early-type double-lined eclipsing binaries (dEBs) in OB associations yields not only the precise absolute stellar parameters but also information about the association in which they are embedded. The systemic velocity of dEBs, when combined with their distances, allows us to determine the kinematics of the association. The evolutionary stage of the dEBs projects the age of the association, and the chemical composition of the components of dEBs gives the chemical composition of all member stars of the association under the assumption that all member stars are formed in the same medium. This valuable information was successfully obtained for a number of OB associations by applying modern analysis techniques on early-type systems (i.e. among others, η Mus (Bakış et al., 2007) ; DW Car (Southworth & Clausen, 2007) ; AG Per (Giménez & Clausen, 1994) ). In the frame of a project aimed to investigate early-type dEBs in the vicinity of OB associations, we observed several dEBs in the vicinity of the CMa OB1 association. Some are found to be members and others not.
LT CMa (also HIP 34080, HD 53303) is a relatively bright (V ∼7.4 mag), short-period (P orb =1.759535 days), eclipsing binary whose light variations were discovered with the Hipparcos satellite (ESA, 1997). To our knowledge, there is no detailed photometric or spectroscopic study of the system to date. Claria (1974) reported the Johnson colors of LT CMa as B − V = −0.11 and U −B = −0.57. Otero (2005) comparing the Hipparcos (ESA, 1997) and ASAS (Pojmanski, 2002) photometric data interpreted an apsidal motion in the system from the shift of the secondary minima. Recently, LT CMa is listed in the catalogue of eclipsing binaries with eccentric orbits by Bulut & Demircan (2007) .
In the present study, new high-resolution (R ∼ 40000) spectroscopic observations are used together with all photometric data available from surveys of LT CMa to reveal the apsidal motion rate of the system (section 5) and the absolute stellar parameters of the components (section 6.1). A discussion on the membership of LT CMa to the CMa OB1 association on the basis of evolutionary properties is given in section 6.2. The kinematical properties and the population type of LT CMa are determined in section 6.3. Finally, we calculated the internal structure constants in section 6.4 for a comparison with theoretical predictions.
Spectroscopic Observations and Data Reduction
LT CMa has been spectroscopically observed using the Coudé-Échelle Spectrograph (CES) at the 1.5-m RTT150 telescope of the TÜBİTAK National Observatory (TUG). Presently, CES gives spectra with a resolving power of R ∼40000 and is able to provide 68 spectral orders between 3956-8772Å in a single CCD frame. The detector is a SAO RAS 1k×1k nitrogen cooled CCD camera. Technical specifications of the CES are described by Bikmaev et al. (2005) .
In total, 14 spectra have been collected in five observing runs. The log of the observations is given in table 1, where the HJD of the observation corresponds to the mid-exposure times. For wavelength calibration, Thorium-Argon lamp spectra were taken in the beginning and at the end of each run. Each image was dealt with using IRAF 1 according to normal procedures of bias substraction, flat-field division, background-light subtraction and wavelength calibration.
For the orders where very broad stellar lines such as H α and He I (4471Å) are near the order edges, the continuum correction for these orders has been performed by means of dividing the order by the normalized continuum function of the previous or next order where no stellar lines exist.
Radial Velocities and Spectroscopic Orbit
The components of the close binary show broad lines. In addition, a careful inspection of the spectra at different orbital phases reveals at several locations weak, static absorption features that do not participate in the Doppler motions. These static features include H α , H δ and Mg II (4481Å) and may be due to a third star that was not detected in the He I lines. Since the latter are among the strongest absorption lines in B-type stars, the static features may be associated with a cooler third star. The composite spectra of the close binary components and the static absorption features at three orbital phases are shown in figure 1.
The radial velocity (RV ) of the static absorption features is 71.2 (7.1) km s −1 from the H α line and 68.2 (7.7) km s −1 from the Mg II (4481Å) line. Errors given in brackets are the standard deviations of the measurements which were made by means of fitting Gaussian to the central part of the line. Finally, the mean RV of is about 70 (8) km s −1 . The strong blending of the broad Balmer series hydrogen lines of the (three) components makes them useless for RV measurements. We selected the spectral order 53 for RV study, where relatively strong He I (4471Å) and Mg II (4481Å) lines reside. We attempted to measure the Doppler shifts of individual spectral lines by fitting a Gaussian to the central part of individual lines. However, in some spectra no reliable measurement is possible, either due to the lower signal-to-noise ratio or to the smaller Doppler shifts, or to a combination of both. At these phases, radial velocities were not measured and they are left blank in table 2, where measured RV s are presented. Keplerian spectroscopic orbits have been fitted to the RV s by means of a differential corrections technique. The ephemeris for primary and secondary minima were derived by Otero (2005) as given in Eqs. 1 and 2. We adopted the orbital period of LT CMa from the primary minimum ephemeris (Eq. 1) and fixed it during the orbital solutions. Other parameters such as velocity semi-amplitudes of the components (K 1,2 ), systemic velocity (RV γ ), longitude of periastron (ω) and time of periastron passage (T 0 ) were converged. The orbital eccentricity of LT CMa is close to zero (see table 4). In view of the low number of available spectra and the lack of spectra at quadrature phases, e=0.059 was kept fixed at the value obtained from light curve analysis (see table 5), rather than to let it converge to a spurious value. The orbital solution is presented in figure 2 and table 3.
Min I(HJD) = 2448388.537 + 1.759535 × E,
Min II(HJD) = 2448389.445 + 1.759503 × E.
For a check of our spectroscopic orbital solution, the spectral disentangling technique was used in the region of He I (4471Å ) and Mg II (4481Å ) lines. The spectral disentangling technique has the advantage to find the spectroscopic-orbit elements and the component spectra simultaneously without requiring the intermediate step of radial velocity measurements on stellar lines (cf. Hadrava, 1995). It yields, in our case, perfectly consistent results with the RV s obtained from Gaussian fitting. However, spurious patterns in the reconstructed component spectra, especially at the edges, indicate the necessity to combine the spectral orders in an accurate way, such that the edges of the reconstructed regions are in the continuum, and, possibly, the addition of the third component. The present data sets is also non-optimal in the sense that it covers the extreme Doppler shifts, but not their whole range, and that the eclipses are not covered. The different line-dilution in mid-eclipse spectra are required to obtain a good solution of the low-frequency Fourier components of the component spectra. Summarizing, a successful exploitation of the disentanglement techniques will be undertaken when the data set is appropriately extended.
Analysis of Light Curves

Binary Model and Input Parameters
Analysis of the light curves was achieved on the basis of three different photometric data sets (H p -band data of Hipparcos (ESA, 1997), V -band data of ASAS (Pojmanski, 2002) and INTEGRAL surveys). Hipparcos and INTEGRAL observations have in total 68 and 480 photometric measurements, respectively. The usefulness of the Hipparcos data is limited by lack of observations in the secondary minimum and the usefulness of the INTEGRAL data is limited by insufficient sensitivity. These data sets were used only for the determination of periastron longitude. The 315 photometric measurements of ASAS, including eclipses, were used for the determination of light-curve elements. All available photometric data are phased and re-scaled in figure 3. Otero (2005) , using Hipparcos and ASAS photometric data, commented the existence of apsidal motion in the system without mentioning its rate. Apsidal motion may lead to wrong light curve elements when photometric data is not carefully studied. Especially, when the data is spread over years, one should pay attention to analyze subsets separately, for example each observing season separately, in order to reduce the influence of apsidal motion in a specific set to an insignificant level (cf. Bakış et al. 2008) . In the present paper, we use 5 subsets of ASAS data over a time base of 8 years (2001 -2009) Consequently the colour excess E(B − V ) =0.06(0.03), (U − B) 0 = −0.61(0.03) and the visual extinction towards LT CMa A V =0.19(0.03) mag. These unreddened colours correspond to an interpolated spectral type of B4.5V (Fitzgerald, 1970) , which corresponds to a temperature of 16200 K according to the calibration tables of Siess, Forestini & Dougados (1997) . However, it should be noticed that these colours and the corresponding temperature are obtained from the combined light of components including the third companion, resulting in a slightly redder colour and lower temperature than the intrinsic colour of the primary component. The light curve and the spectral lines show that the light of the primary star dominates largely. Therefore, it is reasonable to adopt a temperature of 17000 K which is also consistent with the spectral type of the primary (see section 6.1).
Determination of the Photometric Elements
With the analysis strategy of the light curves and the input parameters determined in section 4.1, the solution of the light curves has been performed. The temperature of the primary was fixed at T eff1 =17000 K and the temperature of the secondary was left to converge to T eff2 . The third light contribution to the total flux of the system was set initially 0.1, based on the line strengths of the static component in H α and Mg II (4481Å ). Gravity darkening exponents g 1 = g 2 = 1 and bolometric albedos A 1 = A 2 = 1 were set for radiative envelopes (von Zeipel, 1924) . Logarithmic limb-darkening law was used and limb-darkening coefficients were taken from van Hamme (1993). The surface potentials (Ω 1,2 ), light factors of the components (l 1,2 ), orbital inclination (i), eccentricity (e) and longitude of periastron (ω) were the adjustable parameters during the light curve modeling. The initial guess of the longitude of periastron (ω) was taken from the spectroscopic solution in section 3. Mass ratio was fixed at the spectroscopic value of q = 0.602.
The solutions of V -band ASAS light curves of 2003 and 2004 years converged very rapidly, and had the smallest residuals. The third light contribution did not deviate significantly from the initial guess. Input parameters were then altered to check the consistency and uniqueness of the solution. These new input parameters were converged to the parameters of the first solution, which shows the consistency of solutions listed in table 4.
Using the light curve elements from ASAS data sets (2003, 2004) as fixed parameters, Hipparcos, INTEGRAL and ASAS (2001 , 2008 light curves were analyzed to determine the longitude of the periastron. Since the Hipparcos data are also spread over three years, the Hipparcos measurements were also divided into two data sets for the years 1990 and 1992. During the fitting to the observational data sets (1990, 1992, 2001, 2003, 2004, 2007 and 2008) , the longitude of the periastron and the light factors of the components were the parameters adjusted. The analysis of each light curve set yielded different values of ω (see section 5) which clearly showed a time dependent apsidal motion. Apsidal motion is investigated in section 5 in more detail. Adopted light curve solutions for each data sets of LT CMa are shown in figure 4 . The light curve elements obtained from these data sets are given in table 4. For clarity, we give the adopted light curve elements in table 5.
Apsidal Motion
The orbit of LT CMa has been determined to be slightly eccentric (e = 0.059) from the solutions of the light curves in section 4. This indicates that LT CMa is a system showing apsidal motion. However, due to the small number and unfavorable distribution of the times of minima, it is not possible to determine the apsidal motion period by the O − C variations. Therefore, determination of the apsidal motion rate has been performed by means of linear least-squares fitting to the longitude of periastron (ω) values which were obtained from nine different data sets (two Hipparcos light curves, five ASAS light curves, one Integral light curve and the spectroscopic data). The best linear fit (ω = ω 0 +ω T ) to the set of longitude of periastron values is presented in figure 5 . The data are consistent with a linear advance in longitude of periastron,ω=0.0252 ± 0.0020 deg cycle −1 . This apsidal motion rate corresponds to an apsidal motion period of U = 69 ± 5 yr which is a relatively short apsidal period compared to the eccentric binary systems given by (Bulut & Demircan 2007) .
Discussion
Absolute dimensions and distance of LT CMa
The fundamental astrophysical parameters of LT CMa, which were derived from spectroscopic results in table 3 and from the light-curve results in table 4, are summarized in table 6. The temperature T eff1 = 17000 K, mass M 1 = 5.59M ⊙ and radii R 1 = 3.56R ⊙ of the primary component correspond to a spectral type B4V. The temperature T eff2 = 13140 K of the secondary star implies a B6-B7 spectral type ZAMS star which is also very consistent with its mass of M 2 = 3.36M ⊙ and radius of R 2 = 2.04R ⊙ (i. table 6 ). The visual magnitude and distance modulus indicate a photometric distance of 535 ± 45 pc to the LT CMa, which is smaller than the distance (826±326 pc) derived for LT CMa by van Leeuwen (2007) from the re-analysis of raw Hipparcos data, but not inconsistent with it in view of the large error bar on the Hipparcos distance. In the original Hipparcos catalogue, the distance to LT CMa is given to be 591±386 pc. Among these measurements, the photometrically determined distance of LT CMa comes out to be more precise and reliable. The distance of the CMa OB1 association (1150 pc) (Claria 1974) is much greater than the distance of LT CMa (535 ± 45 pc), which weakens the probability that LT CMa belongs to the association.
The projected rotational velocities of the components were derived to be V rot1 ×sin(i) = 105(10) km s −1 and V rot2 ×sin(i) = 65(10) km s −1 by fitting synthetic spectra using Kurucz (1993) atmosphere models and the ATLAS9 code (Kurucz 1993) . Using the orbital inclination (i=74.2 deg) of LT CMa, the observed rotational velocities of the components are found to be V rot1 = 109(10) km s −1 and V rot2 = 67(10) km s −1 which are in agreement with the synchronous rotational velocities within the uncertainties.
Although the light curve solution supports an extra light in the system, the assumption of the third star is still preliminary due to the low number of high S/N spectra used in present study. Thus, it is desired in the future study to obtain high S/N spectra evenly distributed over the whole orbital cycle in order to reveal the identity of additional features in the composite spectrum.
Evolutionary stage and age of LT CMa
We have investigated the evolutionary status of LT CMa in the plane of log T eff -log g and Mass -logT eff (figure 5) using the latest evolutionary models and isochrones of Girardi et al. (2000) , which include mass loss and moderate overshooting. Assuming a solar metal content, we prepared a set of isochrones corresponding to Y = 0.28 and Z = 0.02. From figure 5a, it can be interpreted that both component are consistent with the evolutionary tracks calculated for their masses. The primary star is evolved from the ZAMS, whereas the secondary is still on the ZAMS. The isochrones of 30 Myr and 40 Myr shown in figure 5a and figure 5b implied a mean age of 35(5) Myr for the system. The age of LT CMa derived here is much greater than that derived by Claria (1974) for CMa OB1 (3 Myr), which rules out membership, when combined with the distance difference of LT CMa and the association. 
Kinematical analysis and population type of LT CMa
To study the kinematical properties of LT CMa, we used the system's centre-of-mass velocity, distance and proper motion values, which are given in table 6. The proper motion data were taken from the newly reduced Hipparcos catalogue (van Leeuwen 2007), whereas the center-of-mass velocity and distance are obtained in the present study. The system's space velocity was calculated using the Johnson & Soderblom's (1987) algorithm. The u, v and w space velocity components and their errors are listed in table 6. To obtain the space velocity precisely, the first-order galactic differential rotation correction (DRC) was taken into account (Mihalas & Binney, 1981) , and -10.33 and -0.90 km s −1 DRCs were applied to u and v space velocity components, respectively. The w velocity is not affected in this first-order approximation. As for the local standard of rest correction, Mihalas & Binney's (1981) values (9, 12, 7) km s −1 were used and the total space velocity of LT CMa was obtained as S = 12.45(3.76) km s −1 . To determine the population type of LT CMa, the galactic orbit of the system was examined. Using the N-body code of Dinescu, Girardi & van Altena (1999) , the system's apogalactic (R max ) and perigalactic (R min ) distances were obtained as 9.61 and 8.35 kpc, respectively. Also, the maximum possible vertical separation of the system from the galactic plane is |z max | = |z min | = 30 pc. The following formulae were used to derive the planar and vertical ellipticities:
The planar and vertical ellipticities were calculated as e p = 0.07 and e v = 0. These values show that LT CMa is orbiting the Galaxy in a circular orbit and the system belongs to the young thin-disc population.
Internal Structure
The internal structure constant, (k 2 ), is a measure of the density concentration of the components of eclipsing binary stars with eccentric orbits. It is an important parameter of stellar evolution models. If the orbital eccentricity, the orbital and apsidal motion periods, the masses and radii of the components are known, the mean internal structure constant of the component stars in the system can be derived.
The observational mean value of the internal structure constant, (k 2,obs ), is given by the following formula (Kopal 1978) :
where P and U are the orbital and apsidal period, and the constants c 2i (i = 1, 2):
where f (e) = 1 (1 − e 2 ) 2 ,
g(e) = (8 + 12e 2 + e 4 )f (e) 2.5 8 .
Here r i , M i and ω r,i are the relative radii, masses and the angular velocities of the axial rotation of the components, respectively, and ω k is the mean angular velocity of orbital motion. The first term in Eq. 6 represents the contribution of rotational distortions, and the second term corresponds to the tidal effects. It is well known that the observedk 2,obs contains not only the Newtonian contribution to apsidal motion, which is due to the stars being distorted extended shapes, but also a small amount of relativistic apsidal motion. The theory of General Relativity estimates the relativistic contribution to the observed rate as the following Einstein formula (Giménez, 1985) :
where M i denotes the masses of the components in solar mass and P is the period of the orbit in days. The individual internal structure constants,k 2i , must be combined using the equation: 
to find the weighted average coefficient which is directly comparable to the observed value. The observed apsidal motion period of LT CMa U = 69 ± 5 yr, corresponding to a total rate ofω = 0.0252 ± 0.0020 deg cycle −1 was obtained in section 5. The relativistic contribution to the apsidal motion calculated from general relativity is 0.00162 deg cycle −1 or amounting to about 6% of the observed rate. After correcting for this effect, an average internal structure constant of LT CMa is derived, with assumption of the periastron-synchronization, to be logk 2,obs =−2.53.
The theoretical internal structure constants for the components (log k 2i,theo ) are taken from the new evolutionary models of Claret (2004) with the standard chemical composition of (X, Z) = (0.70, 0.02). Among the tabulated values, interpolation for the masses and log g of the component stars of LT CMa yielded -2.23 and -2.18 for the primary and the secondary component, respectively. The average theoretical value of internal structure constant was computed ask 2,theo =-2.22. This value seems significantly different from the observed value, in the sense that the component stars appear to be more concentrated in mass than theoretically predicted from the evolutionary models. There are several possible reasons for disagreement in the case of LT CMa. Perhaps the most important is the fact that the range of observations used to derive the apsidal motion period is small compared to the apsidal motion period.
